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.
GLOSSARY ’

ANOMALISTIC PERIOD
- passages of a

APCkEE: The'point

OF SATELLITE: The time elapsing between successive
satellite through the perigee.

in its orbit at which the satellite is farthest
from the center of the earth.

APSIS: The points in an elliptic orbit at which the radius vectors
reach a maximum or minimum (e.g., perigee and apogee of a
satellite orbit). The line joining these two points is called
the line of apsides.

ARGUMENT OF PERIGEE: The geocentric angle of the perigee measured
in the orbital plane from its ascending node in the direction of
motion.

ARGUMENT OF SATELLITE: The geocentric angle of a satellite measured
in the orbital plane from the ascending node in the direction of
motion.

ARGUMENT OF SATELLITE AT MINIMUM (MAXIMUM) NADIR ANGLE: (See Argument
of Satellite and Nadir Angle).

ASCENDING NODE (AN): The point at the equator at which the satellite
in its orbital motion crosses from the southern to the northern
hemisphere. Terrestrial Ascending Node (TAN) is given in degrees
longitude. Celestial Ascending Node (CAN) is given on right
ascension hours, minutes, etc.

ASCENDING NODE TIME: The time when the satellite passes the ascending
node.

ATTITUDE (SATELLITE): The position.of the axis of a satellite with
respect to (a) its orbital plane, (b) the earth's surface, or
(c) any fixed set of coordinates.

AZIMUTB (a>: A horizontal direction expresses in degrees measured
clockwise from an adopted reference direction,

BULGE OF THE EARTB (RE-RP): The.difference between
and the polar radii of the earth.

usually true north.

the equatorial

CELESTIAL: The prefix to designate lines or points which have been e
projected onto the celestial sphere by means of the radials
through the center of the earth.

CELESTIAL EQUATOR: The great circle along which the plane of the
earth's equator intersects the celestial sphere.
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CELESTIAL SPHERE: An imaginary sphere of infinite radius with its
center located at the observer or at the center of the earth. In
satellite meteorology the center of the celestial sphere is at
the center of the earth. Lines or points are projected onto the
celestial sphere using radials through the center of the earth.

CELESTIAL S&SATELLITE  POINT: A point on the celestial sphere the
declination of which is identical to the geocentric latitude of

, TSP and the right ascension of that of TSP. (See SUBPOINT  TRACK.)

DATA ACQUISITION STATION @DA): A ground station at which various
functions to control satellite operations and to obtain data from
the satellite are performed. The CDA transmits programming
signals to the satellite, and coxmnands transmission of data to
the ground.

DECLINATION (6): The angular distance of an
(-1 from the celestial equator measured
passing through the object.

DEGRADATION: The lessening of picture image
"noise," or any optical, electronic, or
the image-forming system.

object north (+> or south
along the hour circle

quality because of
mechanical distortions in

DESCENDING NODE (DN): The southbound equator crossing of the
.satellite; given in degrees longitude, date, and time for any

given orbit or pass.

DIRECT ORBIT: The orbit with inclination between Oo and 900
measured counterclockwise from the equator. Same as the prograde
orbit.

DISTORTION: An apparent warping and twisting of a picture image
received 'from a satellite. This distortion has two causes:
electronic and optical. "Electronic Distortion" is caused by
imperfections in the circuitry, the tape recorder, the vidicon
tube structure, the transmission system, or the signal
characteristics. "Optical Distortion" is caused by the
characteristics of the lens and optical alignment.

ECLIPTIC: The great circle in which the plane of the earth's orbit
intersects the celestial sphere.

EQUATORIAL ORBIT: Orbit with zero dpgree inclination.

GAt4Mi: GarPma is the angle at the satellite between the satellite
spin-axis and the satellite-sun line.

HEADING LINE: The instantaneous projection of the spacecraft velocity
vector on the earth's surface.

IMAGE PRINCIPAL LINE: (See Principal Line).

INCLINATION (OF SATELLITE ORBIT): (See Orbit Inclination).
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LATITUDE-LONGITUDE GRID: A latitude-longitude grid is a form of
perspective grid in which the quadrilaterals are latitudes and
longitudes.

- LOCAL VERTICAL: A line perpendicular to the surface of the earth.

NADIR ANGLE: The angle measured at the satellite between a specific
axis or ray and the local vertical.

NODE: The points at the equator at which the satellite in its orbital
motion crosses the equator. The line connecting the ascending
and the descending nodes is called the line of nodes.

NODAL PERIOD: The time elapsing between successive passages of the
satellite through successive ascending nodes.

NODAL INCREMENT: Degrees of longitude between successive ascending
nodes.

NOISE: A voltage received through an antenna system or within the
ground amplifier and other electronics that does not correspond
to any intended signal.

OBJECT SPACE ANGLE: The angle between two rays in space
at the front nodal point of a.camera lens.

--.

OPTICAL AXIS: A straight line passing through the front
points of a camera lens. The direction on the axis

positive from the rear to the front nodal points.

OPTICAL AND ELECTRONIC .DISTORTIONS: (See Distortion.)

ORBIT: The path which a celestial object follows in its
space, relative to some selected point.

that intersect

and rear nodal
is considered

motion through

ORBIT INCLINATION: The angle between the plane of the satellite
orbit and the earth's equatorial plane. Inclination of
retrograde orbit is expressed by 180 degtees minus the prograde
inclination.

ORBIT NUMBER: In satellite meteorology orbit number refers to a
particular circuit beginning at the satellite ascending node.
The orbit number from launch to the first ascending node is
designated zero, thereafter the number increases by one at each
ascending node.

ORBITAL PLANE: The plane, or two dimensional
path of an orbiting satellite.

ORBIT, POLAR: An orbit which passes directly
pol.es of the earth.

ORBIT, SUN-SYNCHRONOUS: (See Sun-Synchronous

xi
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PERIGEE: The point in its orbit at which the satellite is closest to
the center of the earth.

PERIGEE RATE: Rate of change of the argument of perigee. It -is
usually measured in degrees per day.

PRECESSION RATE ( >: The fixed space angular motion of the orbital
.

line of nodes; positive to the East, negative to the West.
Precession rate for a sun-synchronous orbit is -0.986 degrees per
day.

PITCH: Angular deviation of the camera axis from the vertical along
the orbital plane at the time of picture taking.

PRINCIPAL DISTANCE: The distance measured along the optical axis
either from the nodal point or the interior perspective center to
the image or target plane.

PRINCIPAL LINE: A line of intersection between the principal plane
and the image plane (Image Principal Line), or principal plane
and the earth.

PRINCIPAL PLANE: The plane-which‘includes the optical axis of a
camera and the local vertical through the front nodal-point of a
satellite camera lens.

PRINCIPAL POINT: The point of intersection of the optical axis of the
camera with the image plane, or with the earth.

PRO&DE ORBIT: (See Direct Orbit.)

R/O: Abbreviation for readout orbit.

RADIOMETER: A scanning sensor that operates continuously, each scan
line sweeping across the earth from horizon-to-horizon along a
path normal to the direction of travel of the spacecraft.

RASTFR: The pattern followed by the electron-beam exploring-element
scanning the screen of a television transmitter or receiver. The
scamning pattern is, theoretically, a series of straight parallel
lines.

RASTER LINE: One scan line of a TV (Vidicon) system.

READ-OUT STATION: (See Data Acquisition Station.)

RESOLIJTION: The ability of a film, a lens, a combination of both, or
a vidicon system to render barely distinguishable a standard
pattern of black and white lines. When the resolution is said t?
be 10 lines per millimeter, it means that the pattern whose
line-plus-space width is 0.1 mm is barely resolved, the finer
patterns are not resolved, and the coarser patterns are more
clearly resolved.
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RETRnGRADE ORPIT: The orbit with inclination between 0” and 90'
measured clockwise from the equator when viewed from the
north.

RIGHT ASCENSION: The arc measured eastward alonq the celestial
equator from the Vernal Equinox to the great circle passinq
through the celestial poles and the object projected onto the
celestial sphere. This angle is frequently given in hours and
minutes--24 hours equivalent to 363 degrees.

ROLL: Angular deviation of t\e satellite axis from the plane
tangent to the orbital plane.

SCANLINE: One sweep of a radiometer across the earth from horizon-
to-horizon.

SUBPOINT TRACK: Locus of subsatellite points on the earth (TSP),
on an image, or on a celestial sphere.

SU3SATELLITE  POINT: Intersections of the local vertical passing
through the satellite with the earth's surface, with the image
plane and with the celestial sphere.

SUBSOLAR POINT (SS): Intersection of the local vertical thrnrsgh
the sun with the surface of the earth.

SUN-SY NCHRONO!JS ORBIT: Nominally a retrograde; quasi-polar ?orhit
such that the satellite crosses the equator on the asce&ing
node always at the same local (solar) time.

SYNCHF?ONWS  S.I\TELLITE: A satellite in a west-to-east orbit of chit
earth at an altitude of 22,300 statute miles. At tk<i
altitude it circles the axis of the earth once in '4 -~~“:~-L,
Thus its speed in
rotation.

TERRESTRIAL: The term
earth's surface.

orbit is synchronous with the earth's

used to designate a line or a po+i!+ 'rr -C-hc-

TIME

TIME

PAST ASCENDING "IOCIE: The amount of time for a body $ri Y% .;r.
to advance from the last ascending node to an arbitrary
position.

PAST PERIGEE: The amount of time for a body in orbit to
advance from the last perigee to an arbitrary position,

TRACK: A line connecting successive positions of a moving point.

VERNAL E'JUINOX: (Also called the Right Ascension of Aries.) The
point of intersection of the celestial equator with the
ecliptic, at the point where the sun crosses from the south
to the north side of the equator.
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1. INTRODUCTION

1.1 History of the United States Meteorological Satellite Program

The National Earth Satellite Service (NESS) of the

TO THR TIROS-N SYSTEM

National Oceanic and Atmospheric Administration (NOAA) operates a

network of polar and geostationary satellites that provide data used

to meet some of NOAA's responsibilities.' These satellite data

products are used for meteorological prediction and warning,

oceanographic'and hydrologic services, and space environment

monitoring and prediction. The two satellite systems (polar and

geostationary) are complementary, each having been designed to meet

mission requirements for which it is uniquely qualified. For example,

_ continuous monitoring of storm areas in the temperate and tropical

latitudes is primarily a geostationary satellite mission, whereas data

collection at higher latitudes is an objective of a polar orbiting

satellite.

The launch of TIROS-N from the Western Test Range at Lompoc,

California, on 13 October 1978 introduced the third generation

operational, polar orbiting, environmental satellite system. The new

TIROS-N system has evolved from the world's first meteorological

satellite, TIROS-1, which was launched into orbit on 1 April 1960 from

Cape Canaveral, Florida. The early TIROS experimental spacecraft

series (TIROS l-10) was followed by the TIROS Operational Satellite

(TOS) series (ESSA l-9). This series was introduced on 3 February

1966 ,with the launch of ESSA-1. These "wheel-type" TOS satellites

were designed to fill the need for a relatively low cost, fully

operational weather satellite system to provide worldwide photographic

coverage of the earth and its atmosphere. In.effect, this satellite

"rolled" along its orbit on its rim as a wheel would roll along the

earth's surface.

The Improved TIROS Operational Satellite, ITOS-1, was launched on

23 January 1970 and ushered in the second generation of operational

polar orbiting satellites. It dramatically exceeded the capabilities

of the first generation TOS system. The last of the ITOS series

spacecraft, NOAA-S, was launched on 29 July 1976.
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As the potential advantages of observations from space were

recognized, evolving requirements brought about changes in the

satellite insttumentation. The Automatic Picture Transmission (APT)

service, tested.experimentally  on TIROS-8 in 1963 and on Nimbus-l in

1964, became a continuing service with the launch of ESSA-2 in 1966.

Vidicon cameras, the primary source of data for both the central

processing and the APT service, were replaced by radiometers on

NOAA-2, launched in 1972. At the same time, the High Resolution

Picture Transmission (HRPT) service was begun, making data from the

Very High Resolution Radiometer (VHRR) instrument available to local

readout stations with the proper receiving equipment. The NCAA-2

spacecraft also included a Vertical Temperature Profile Radiometer

(VTPR) instrument as a part of the payload; this instrument, based on

technology tested on research satellites, was the first operational

vertical sounder to be flown.

The instrumentation for TIROS-N has been selected based on the

NOAA satellite program philosophy of meeting operational requirements

for products with instruments whose potential has been proven in

space. Predecessor instruments have flown experimentally on both

Nimbus and ITOS satellites. These instruments have been redesigned to

meet both scientific and technical requirements of the mission; the

goal of the redesign has been to improve the reliability of the

instrument and the quality of the data without changing the p~vkausly

proven concepts.

1.2 The TIROS-N Concept

The spacecraft of the TIROS-N series incorporate new

environmental instruments that are major technological advances over

those on board the ITOS series spacecraft they have replaced. New

capabilities offered by ‘the TIROS-N series include: improved day and

night cloud cover observations on a local and global scale, improved

observations of vertical temperature and water vapor profiles on a

global scale, and a high capacity data collection, relay, and platform

location system.

-
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In the TIROS-N operations concept, two spacecraft are always in

operation. One spacecraft passes over in the morning between Q600 and

1000 local time; the other spacecraft passes over in the afternoonf

about 1500 local time. The. initial spacecraft of the series,

designated TIROS-N, was placed into the afternoon orbit; NOAA-6, the

second spacecraft of the series, was placed in the 0730 local

southbound orbit on 27 June 1979. With the exception of TIROS-N, all

satellites of the series will be designated by letter before launch,

but will be numbered consecutively after launch.

Four pairs of spacecraft are planned for the series through 1985,

launched roughly at the rate of one pair every two years after the

launches of TIROS-N and NOAA-6. NOAA-G, the last satellite planned

for this series, is currently scheduled for launch in May 1984 and

thus will ensure polar satellite services into 1986. Initial planning

has begun for the fourth generation of polar spacecraft to be ready by

1985 to continue the uninterrupted acquisition of data from the

earth's atmosphere, from its surface, and from within its near space.

The TIROS-N series of satellites is a cooperative effort of the

United States, the United Kingdom, and France. The National

Aeronautics and Space Administration (NASA) funded the developmen: :isrl

launch of the initial satellite of the series (TIROS-N);  sub$:eq.terit

satellites will be procured and launched by NASA using NOAA funds.

The operational ground facilities, including the Command and Data

Acquisition (CDA)' stations, the Satellite Control Center, a*ld the &ta

processing facilities (with the exception of the Data Collection

System (DCS)* processing facility) are funded and operated by PXA.A,

The United Kingdom, through its Meteorological Office, Mil,Lstr:, of

Defense, is providing a Stratospheric Sounding Unit (SSU), one of

three sounding instruments for each satellite. The Centre Xat,ont  f

d'Etudes Spatiales (CNES) of France is providing the DCLS ir:?trrrflent

for each satellite and provides the facilities necessary i:o ;)rx:+e<i

and make available to users the data obtained from this sytite~~. -: he

"rhe DCS is also referred to as the Data Collection and Locatzcii
System (DCLS) in some documents.
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Centre d'Etudes  de la Meteorologie Spatiale (CEMES) of France provides

ground facilities for receipt of sounder data during the blind orbit

periods.

1.3 TIROS-N Spacecraft Characteristics

The TIROS N spacecraft, as shown in Figure l-l, is a five-sided

box-like structure that is 3.71 meters long and 1.88 meters in

diameter. Four of the side faces are equal in size and accommodate

thermal control louvers. The fifth side is wider than the other four

and accommodates the earth-facing comnunications antennae and some of

the earth-viewing sensors. The spacecraft weighs a total of

1,409 kilograms (kg) at launch, including expendables.

At the end of the central body, known as the Equipment Support

Module (ESM), is the Reaction Support Structure (RSS), which includes

the last stage launch injection motor, an attitude control propulsion

system, and a boom-mounted solar cell array. The solar array is 11.6

square meters (m2) and is motor driven to rotate once per orbit to

enable it to face the sun continuously during the daylight portions of

the orbit.

At the other end of the ESM is the highly stable Instrument

Mounting Platform (IMP) on which are mounted the attitude cc,-,?a-ob

sensors and the instruments whose scan directions must be very

accurately controlled. With'the exception of the Space Environment

Monitor (SEM), all instruments face the earth when the sa+.::!.L..,_-r .s J.?~~

its mission mode. The earth-oriented platform is controll&  to wLtFi~

0.2' of the local geographic reference for all axes.

A most important spacecraft subsystem is the data handling

subsystem, which consists of the following components:

1) TIROS Information Processor (TIP),

2) Manipulated Information Rate Processor (MIRP), and

3) digital tape recorders.

l-4





All data available for transmission to the ground are processed by

some or all of these components. The TIP formats all low bit-rate

instruments and housekeeping telemetry data and controls the data

outputs. The MIRP*processes  the high bit-rate data from the Advanced

Very High Resolution Radiometer (AVHRR) to provide separate outputs

for APT and HRPT transmissions in real time, recorded Global Area

Coverage (GAC) of reduced resolution data for central processing, and

recorded Local Area Coverage (LAC) of high resolution data also for

central processing. -.
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2. DESCRIPTION OF THE TIROS-N SENSOR PACKAGE

The four primary TIROS-N spacecraft instrument systems are listed-
below:

0 Advanced Very High Resolution Radiometer (AVHRR)

0 TIROS Operational Vertical Sounder (TOVS)

0 Data Collection System (DCS)

0 Space Environment Monitor (SEMI

2.1 Advanced Very High Resolution Radiometer

The AVHRR provides data for real-time transmission to both API

and HRPT users and for storage on the spacecraft tape recorders for

--

later playback. Thus, the AVHRR instrument continues end impu~c~ ?kc

ITOS/NOAA satellite services related to stored and direct readout of

radiometric data for day and night cloud mapping, sea surfaLe

temperature mapping, and other oceanographic and hydrologi:

applications. The data from the AVHRR instrument are availat‘l;P  i‘rriwi

the satellite in four operational modes:

1)

2)

3)

4)

APT (Automatic Picture Transmission): direct readout to

worldwide ground stations of the APT visible and infrared

data (4 km resolution); panoramic distortion is removed.

HRPT (High Resolution Picture Transmission): direct re.:dcut

to worldwide ground stations of the HRPT data foT- is11

spectral channels (1.1 km resolution).

GAC (Global Area Coverage): global on-board recur<l:*-% ,rf

4 km resolution data from all spectral channels io*

commanded readout for processing in the NOAA ctattra'

computer facility at Suitland, Maryland.

LAC (*aocal  Area Coverage): on-board recording of data from

selected portions of each orbit at 1.1 km re.61s11sxt.iorl  pi all

spectral channels for central processing.
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The AVHRR for TIROS-N and the four follow-on spacecraft is sensitive

in four spectral regions (see Table 2-l). A future change in the

instrument design will add a fifth channel in the 12 micrometer ( m>

region. The resulting five-channel instruments are thus planned for

flight on later spacecraft in the series. The four-channel radiometer

is designated the AVHRR/l instrument; the later5 five channel

radiometer is the AVHRRI2 instrument.

AV'RRR Channels 1 and 2 can be used to discern clouds, land-water

boundaries, and snow and ice extent; when data from the two channels

are compared, an indication of ice/snow melt inception is provided.

The data from Channel 4 (infrared (IR) window) can be used to measure

cloud distribution day and night and to determine the temperature of

the radiating surface. Channels 3 and 4 can be used to determine the

sea surface temperature (SST). By using these two data sets, it is

possible to remove an ambiguity introduced when clouds fill a portion

of the field-of-view. Examples of imagery from the AVRRR instrument

are given in Section 7.

2.2 Other TIRES-N Sensors

2.2~1 TIROS Operational Vertical Sounder

Data from the TOVS, which is a three-instrument system, ,are

available locally as a part of the HRPT transmission and on the

spacecraft beacon transmission. The three TOVS instruments arit as

follows:

0 The High Resolution Infrared Radiation Sounder (HIRS/2)--a

20-channel instrument making measurements primarily !+r ;hp

IR region of the spectrum. The instrument is designed ?i;

provide data that will permit calculating (1) tem;era%ure

profile from the surface to 10 millibars (mb), (2) water

vapor content in three layers in the atmosphere, and

(3) total ozone CO31 content. The design is based OR the

HIRS instrument flown on the Nimbus satellite.
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Channel*

1

2

3

4

5

TIROS-N AVHRR CHANNEL CHARACTERISTICS

Resolution at
Subpoint (km)

1

1

1

1.

1

TABLE 2-1

Wavelength (urn)

0.55 - 0.90

.

0.725 - 1.10

3;55 - 3.93

10.5 - 11.5

11.5 - 12.5 SST

Primary Use

Daytime cloud and surface
mapping .

Surface water delineation

Sea surface temperature
(SST), nighttime cloud
mapping

SST, day/night cloud
mapping

*Channel 1 wavelength will be 0.58 to 0.68 urn for all instruments after
the TIROS-N flight model. Channel 4 wavelength wx be 10.3 to
11.3 Vrn for all AVHRR/2 instruments. Channel 5 will not be on early
AVHRR/l flights but will be added with the AVHRR/2 instruments to
enhance further SST measurements in the tropics. The AV'HRR/2 instru-
ment will be flown on all later spacecraft of the series; users will
be notified when this change takes place.
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* The Stratospheric Sounding Unit (SSU)--using a selective

absorption technique to make measurements in three

channels. The spectral characteristics of each channel are

determined by the pressure in a carbon dioxide (CO2)  gas

cell in the optical path. The amount of CO2 in the cells

determines the height of the weighting function peaks in the

atmosphere. The primary objective of this instrument is to

obtain da,ta from which stratospheric (25 ;o 50 km)

temperature profiles can be obtained.

0 The Microwave Sounding Unit (MSU)--a 4-channel Dicke

radiometer, making passive measurements in the

5.5-millimeter (mm) oxygen band. The microwave data will

permit computations to be made in the presence of clouds

since measurements in this region are generally unaffected

by nonprecipitating water droplets.

2.2-2 The Data Collection and Location System

The DCS is a random access system that acquires data from fixed

.and free-floating terrestrial and atmospheric platforms. Platforms

can be located by ground processing the Doppler measurements of

carrier frequencies. Data collected from each platform include

identification, as well as environmental, measurements. These data

are also included in the HRPT and beacon transmissions.

2.2.3 The Space Environment Monitor

The SEM data are also included in the HRPT and beacon

transmissions. The SEM consists of three separate instruments and a

data processing unit.

0 The total energy detector (TED) measures a broad range of

energetic particles from 0.3 kiloelectron volts (keV)  to

20 keV in 11 bands.
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0 The medium energy proton and electron detector (MEPED)

senses protons, electrons, and ions with energies from

30 keV to seve,ral tens of megaelectron volts (MEV>.

l The high energy proton and alpha detector (HEPAD)  senses

protons and alphas from a few hundred MEV up through

relativistic particles above 840 MJZV.

- I
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3. ORBITAL CONSIDERATIONS

3.1 General Aspects of Orbits and Their Effects
-

When plans are made to place a meteorological satellite in orbit,

three factors must be considered to decide how best to meet the

mission requirement of daily global coverage: the area of view of

each sensor, the orbital period and its relationship to the frequency

and spatial continuity of observations, and the resolution of &tail

.within the field of view of each sensor.

3.1.1 Coverage

The TIROS-N AVRRR is a line-scanning radiometer, simiiar to the

scanning radiometer (SR), which has provided data from the ITOS series

of satellites to APT users. Unlike the earlier APT camera, which

takes a picture and transmits it by slowly scanning a

scanning sensor operates continuously, each scan line

the earth from horizon to horizon along a path normal

of travel of the spacecraft.

vidicon tubt-, B

sweeping across

to the direst:i:>n

The geometry involved in computing the area that can be seen by .x

spacecraft sensor is shown in Figure 3-l. For a line scan system,

angle WC is limited to the area at right angles to the satellite

heading line. The area viewed by a single scan line is essentially

perpendicular to the direction in which the spacecraft is moving anL

has a component in the direction of movement equal to the line wir!:~.

on the earth. Swath length is equal to the distance traveled b,; ih-3

spacecraft ,>ver the earth in the time given.

wc is the angle of view

f % is the geocentric angle to inter9e:I.i.c

?
of WC on earth

R is the radius of earth

h is the spacecraft altitude

d is the distance on earth from subooini- 20
picture point

Figure 3-l Diagram for Computing Area Viewed by SatelIL.<ee.

for viewing angle W*
c
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When a line-scan instrument is pointed normal to the earth's

surface and scans outward to an angle W=, the overall area viewed

(swath width) depends on spacecraft height alone; the higher the

satellite, the larger the area viewed. Using Equations 1 through 3,

the area viewed can be computed._

(R+h)sin j3 = -
R

sin W
C

(11

@C
- 180 - 'WC + B)

d - 4c x 111 kilometers (km) (31

For example, at a satellite altitude of 1,387 km and a maximum viewing

angle of 45' (WC = 45'1, the area viewed is approximately 1,604 km

from center to side; at a 740 km altitude it is approximately 786 km.

For the TIROS-N series, the swath width is approximately 2,700 km

(full side to side swath width).

3.1.2 Orbital Period

The orbits of earth satellites, whether natural or manmade, are

controlled by the same physical laws. A satellite in orbit follows a

path that is the result of balanced forces; the acceleration of

gravity on the satellite is exactly balanced by the outward component

of the tangential linear velocity. The requirement for the exlsr.el:ce

of this balance permits the computation of the orbital speed and7

hence, the orbital period of a satellite for any given height. The

orbit period T for a near circular orbit is:

T 7

where h is the altitude af the satellite and R is the radius of the

earth. Thus, as h incrs,ases, T increases, as shown in Table 3-1,



-

TABLE 3-1

RELATIONSHIP OF ORBITAL PERIOD

TO SPACECRAFT ALTITUDE

Altitude Orbit/Period

h hm) h (NM)' T (minutes)

371 200 91*9

854 460 302 -c1

1,112 600 107.4_
1,390 750 113-5

- 1,462 790 115.1

35,790 19,312 1,440 (Synchronous
altitude?

Because the orbit plane is essentially "fixed" in space for short

time periods and the earth rotates within the orbit, Zhe orbia period

(T) determines the longitudinal distance between successive eqaato.,ial

crossings. Thus, for 'a satellite orbit of 100 minutes;, ibis

longitudinal distance is 25 degrees (one degree per fo‘if tiA.I!,t':.

For example, if equator crossing "n" takes place at 75 c',.grec W , :he

next crossing (n + 1), 100 minutes later, will be at 1Ml degrees

This fact provides the basis of orbital position comp~;i,atio~n~.  us& 'n

tracking and gridding procedures discussed later.

The altitude of the satellite thus determines &~a time diffece.gS.Ce

and the longitudinal distance (0,) between successive eqU-!- ;;A I’

crossings. If the data acquired on successive orbits are tll btg

contiguous (just touch) at the equator, the swath width m~asurec! -Ir

geocentric angles 4e - (4, at edge of swath) must equal tile

longitudinal distance between successive equator crossings. If

contiguity is not possible at the equator (9, < +E), rhc ~c'Q,,> ::

latitude (Ao) at which contiguity occurs is where Xo equals cc~.s"~

($,/+E). Data swaths that just touch at t:le equator overlap i';f

about 30% at 45 degrees of latitude.
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3.1.3 Resolution

For a given spacecraft altitude, the resolution of a line-scan

device, such as the AVHRR, is a. function of the instantaneous ’

field-of-view of the sensor (spot size on the earth). As the sensor

scans outward from the satellite subpoint, the spot size on the

suzface of the earth, of course, increases in size. The TIROS-N AVHRR

has a field-of-view of 1.3 milliradians; at this field-of-view, the

subpoint resolution is 1.1 km and the resolution at the edge of the

data swath is approximately 4 km.

_-_
3.2 Selection of Orbit

A near polar, sun-synchronous orbit has been chosen for

meteorological satellites with real-time transmission systems because

it offers the best geometry for routine coverage on a regular basis,

A sun-synchronous orbit maintains the satellite in a relatively

.co'nstant relationship to the sun so that the ascending node

(northbound equator crossing) remains at a constant solar time, thus

permitting receipt of data at approximately the same local time each\
day. The choice of time of day is based on meteorological and

spacecraft operating considerations; no change is possible once the

spacecraft has been launched.

The nominal orbital parameters of the TIROS-N satellite series

are summarized in Table 3-2. For comparison, the orbital parameters

of the previous ITOS series (NOAA-1 through NOAA-S) are also given.

The TIROS-N series has been designed to operate in a sun-synchronous

orbit. The two nominal altitudes shown in Table 3-2 have been chosen

to keep the orbital periods of two operational satellites in similar

orbits sufficiently different (l-minute) so that they do not both view

the same point on the Earth at the same time each day for prolonged

periods.

A satellite pass directly over an antenna site will b? within

view of that antenna (horizon-to-horizon) for about 15.5 minutes when

the satellite is at 833 km and 16 minutes when it is at ~373 km. The

user of ART or HRPT can therefore expect to receive data from a
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circular area 6,200 km in diameter centered at the location of the\
antenna. If one assumes that the spacecraft must be 5 degrees above

the horizon for useful data to be acquired, the contact times are

reduced to about 13.0 minutes (833 km satellite altitude) and

13.7 minutes (870 km); the area is reduced to 5,200 km in diameter.

Because the number of orbits per day is not an integer number,

the sub-orbital-tracks do not repeat from day to day, although the

local solar time for passing any latitude is essentially unchanged.

For this reason, the orbital-equator crossings will occur at varying

longitudes during the lifetime of

NOAA/NESS currently operates

and one in Alaska, to receive the

the satellite.

two CDA stations, one in Virginia

environmental data from the

satellite. .During three sequential orbits of the Earth (four, some

days), however, the satellite remains out of contact with one of these

sites. To eliminate delay in receipt of high priority vertical

temperature profile data during this period, a data receipt-only

station has been established to receive data in Lannion, France, by

CNES. This station will acquire stored TIP data and transmit it to

the central processing,facility in.the United States. when t&is

station is in use, the satellite will be out of contact with the

ground for no more.than one orbital period per day.

3.3 Equator Crossing Time

The TIROS-N satellite series has been designed to -JT?r'..?t_(.  ;-ii:' ..I

southbound equator crossing between 0600 and 1000 Loca'i 8o.;a. '"ix

(LST),  or a northbound equator crossing between 1400 and 1800 i;ST

(Figure 3-2). Power and thermal constraints preclude normal operation

within two hours of noon or (midnight) LST. The time of day act.-i:;X!y

chosen for the initial injection condition for a particular sateil.itc:

depends on several factors:

e

0 time of day that data are needed for input to synoptic map

analyses,

b subpoint solar angles for visible channel instruments,

e orbital plane separation from secondsatellite in orbit,
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circular area 6,200 km in diameter centered at the location of the\
antenna. If one assumes that the spacecraft must be 5 degrees above

the horizon for useful data to be acquired, the contact times are

reduced to about 13.0 minutes (833 km satellite altitude) and

13.7 minutes (870 km); the area is reduced to 5,200 km in diameter.

Because the number of orbits per day is not an integer number,

the sub-orbital-tracks do not repeat from day to day, although the

local solar time for passing any latitude is essentially unchanged.

For this reason, the orbital_equator crossings will occur at varying

longitudes during the lifetime of the satellite.

NOAA/NESS currently operates two CDA stations, one in Virginia

and one in Alaska, to receive the environmental data from the

satellite. 'During three sequential orbits of the Earth (four, some

days), however, the satellite remains out of contact with one of these

sites. To eliminate delay in receipt of high priority vertical

temperature profile data during this period, a data receipt-only

station has been established to receive data in Lannion, France, by

CNES. This station will acquire stored TIP data and transmit it to

the central processing,facility in.the United States. When this

station is in use, the satellite will be out of contact with the

ground for no more.than  one orbital period per day.

3.3 Equator Crossing Time

The TIROS-N satellite series has been designed to X?Y~?X ,:ic: :I

southbound equator crossing between 0600 and 1000 Loca'i ~~~~~~ 'YI.X

(LST), or a northbound equator crossing between 1400 and 9800 1's:~‘

(Figure 3-2). Power and thermal constraints preclude normal operation

within two hours of noon or (midnight) LST. The time of day act~:;Xf~

chosen for the initial injection condition for a particular sateilitc

depends on several factors:

e

0 time of day that data are needed for input to synoptic map

analyses,

e subpoint solar angles for visible channel instruments,

e orbital plane separation from second-satellite in orbit,
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AM DESCENDING NODE ORBIT

PM ASCENDING NODE ORBIT
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0 expected drift from sun-synchronous conditions and
.

spacecraft time of day (solar angle) constraints, and

9 time of year launch will occur.

3.4 Effects of Precession of Orbital Plane

3.4.1 Sun-synchronous Orbits with Earth-Oriented Sensou

A satellite traveling in a sun-synchronous orbi_t can acquire

images of any given area at the same local sun time each day. To

maintain this sun-synchronous operation from week to week, it is

necessary that precessi,on  fi of the orbital plane be 360' in 365 days

to compensate for the earth's seasonal travel around the sun.

Precess?on is a function of satellite altitude and orbital inclination

and is given by the expression

ii= 10.0 a -3.5 cos i (degrees/24 hours) (51

where i is the orbital inclination to the equator, a = (1 + h/R),

R = 6,364 km, and h is average satellite height. The desired

precession is achieved when the sun-synchronous inclination is9 is

such that:

co9 i 9s

Note that if the standard sign convention is followed, sun-synchronous

precession is achieved when 6 has the negative value -0.986 and is9

is greater than 90' (a retrograde orbit). Hoover, sun-synchronous

may be taken to be positive, and the symbols i and i
9s for

inclination are then defined to be the acute angle between the

equatorial and orbital planes for a retrograde orbtt.

The orbital inclination also defines the maximum geocentric

latitude (north and south) reached by the satellite subpoint on each

orbital pass. The maximum poleward excursions for sun-synchronous

inclination for various satellite altitudes are:
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0 at h = 833 km (450 nm), iss = 81.1°,

0 at h = 1,110 km (600 nm>, iss = 7g.g",

0 at h = 1,388 km (750 nm>, i ss = 78.6', and

0 at h = 1,850 km (1,000 run>, iss = 75.9'.

3.4.2 Drift from Sun-synchronous Conditions B

Orbit parameter errors result from several causes associated with

the booster operation. These errors may be characterized as either

orbital plane (inclination) or altitude related. Orbital parameters

for the TIROS-N series are expected to be within the following three
/

sigma limits:

0 altitude (average): 218.5 km,

e inclination:I 0.15', and

0 apogee/perigee difference: less than 56 km.

-

After injection, solar forces (gravity and event effects) ,;~ii I

cause the inclination to change from that,originally  achieved. T'b F

effect of this change, combined with the initial injection errolis

will probably cause the nodal precession rate to deviate from i:,;:

required for true sun synchronism. Whether the local solar time

becomes earlier or later depends on the sign of the error. It is

apparent that initial drift will be a factor of the accuracy of

injection into orbit; changes after this drift is defined will be

caused by solar effects.

3.5 Spacecraft Track over the Earth

In the early 16009, Johann Kepler discovered the physical Lawa

that control the paths and motions of satellites in orbit. Those lagers:

forming the basis of computations at the local site are as follows.

0 The orbit of each planet (satellite) is'an ellipse with i:hc

sun (earth) always located at one focus.-
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0 Each planet (satellite) moves in an orbit so that an

imaginary line drawn between the planet (satellite) and the

sun (earth) sweeps out equal areas in equal times (see

Figure 3-3).

Figure 3-3 Diagram of Elliptical Orbit

The area of A will equal the area of B when the-time required for

moving from 1 to 2 is equal to the time required for moving from 3

to4. .

In a perfectly circular orbit at any given altitude, a spacecraft

moves above the surface of the earth at a constant v<:lncity,  In

actual practice, no earth orbit is perfectly circular, althaa:gh some

may approach this condition. In an earth satellite's orbital ellipse,

the point of closest approach to the earth is called perlgrc? *cThlereao

the point farthest from the earth is the apogee. Ihe .'_a.i 'a ;:; j.

positions of apogee and perigee are determined by the lauxh

characteristics; subsequently, the positions of apogee and perigee

advance gradually around the orbit as a result of the ~<ravity  effect

of the equatorial bulge of the earth.

The change in the positions of perigee and apogee eauae the

height at which the spacecraft passes over a given region of the earth

to v;.ry with time (see Figure 3-4). Daily messages will reflect

changes in the position of apogee and perigee.

-

J
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For convenience and ease of computations, the time

passes over a given geographical location is frequently

the spacecraft

expressed as

the elapsed time between the northbound equator crossing (ascending

node) and the time it reaches the particular location. In this way,

time is considered zero when the spacecraft passes the equator

northbound and increases through a complete orbital period.

The time required for a spacecraft to move through a given

geocentric angle of its ellipse is considered to be constant fop. any

particular day so that the time required for the spacecraft to reach 21

particular latitude is the same for every circuit of the earth on ft~t.

day. For example, if it reaches latitude 30 degrees North ten minutes

after the northbound equator crossing (ascending node) on one ci.rcuit

of the earth, it will reach the same latitude (30 degrees N) at

ten minutes after the ascending node on each succeeding circuit of the

earth during that day. The movement of apogee and -perigee causes a

very gradual change in the time necessary to reach this latitude on

each circuit. These changes are included in the Daily Messages.

10 MINUTES AFTER ASCENDING
NODE. LATITUOE  30. N.

ASCENDING NODE

DAY I CONDITION : PERIGEE

APOGEE

( TIME REFERENCE - 0 )

IS LOCATED AT THE EOUATOR.

G 10 MINUTES AFTER ASCENDING
NOOE . LATITUOE  lb-

EQUATOR
E REFERENCE n 0 )

PERIGEE

DAY N CONOITION  : PERIGEE IS NEAR THE SOUTH POLE,

Figure 3-4 Diagram of Change in Perigee and Apogrc:
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4. REAL-TIME DATA SYSTEMS FOR LOCAL USERS

Local users in line of sight of the TIROS-N satellite can receive

real-time data directly from the' spacecraft. TIROS-N broadcasts

visible (VIS) and IR data from the AVHRR as well as other data from

the TIROS Operational Vertical Sounder (TOVS),  the DCS, the SEM, and

the spacecraft housekeeping telemetry. This section will focus on the

direct readout imaging systems of TIROS-N.

4.1 APT System

The AVHRR provides the data for transmission to both the APT and

HRPT users. The HRPT data are transmitted at full resolution

(1.1 km), whereas the APT output is transmitted at reduced resoiutisc

(4 km) to maintain bandwidth constraints. The APT system transmit:;

any two of the AVHRR channels (see Table 2-l); the visible ?Farrn~'~ iz

used to provide visible APT imagery during daylight, and one IR

channel is‘used constantly (both day and night). A second IR ch~aei.

can be scheduled to replace the visible channel observations during

the nighttime portions of the orbit.

4.2 HRPT System

The HRPT system transmits all of the channels. To avoid futuPP

changes on the spacecraft and on-ground receiving equipment, the

TIROS-N HRPT data format has been designed as though the AVHRR -Ter=

already a five-channel instrument. When operating with the in;i a.23

four-channel instrument, the data from Channel 4 (11 urn) arm inserted

in the data stream twice so that the basic data format will _*t :he

same for both the four- and five-channel versions. output ?p'c.,i : 1.t

low data-rate system onboard the spacecraft is multiplexed with tIil

AVHRR data and becomes a part of the HRPT output available to direct

readout users. The low data-rate system includes the th,.

instruments of the TOVS, the SEM, the DCS, and the spacec:l-t

housekeeping telemetry.
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4.3 Direct Sounder Broadcasts (DSB)

Data from the TOVS instruments are available from two separate

real-time data transmission links. &board the satellite, the TOVS

data are collected and formatted by the TIP. Parallel outputs are

provided for:

0 the real-time VHF beacon transmission link, and

l MIRP, which combines the TIP data with the output from the

AVHRR. This combined data stream is:

broadcast in real-time as the HRPT service and

stored onboard the satellite for later transmission to

the ground.

Note that all data from the TOVS are digital and that the data

included within the HRPT format are identical to that broadcast on the

beacon. Data from the TOVS are available on both very high frequency

(VHF) and S-band data links. Those users receiving the high

resolution transmission from the AVHRR (HRPT system) will probably

find it most desirable to extract the TOVS data from thic z&ta

stream. Using two frequencies for these data eliminates intorfer:e;?ce

between transmissions from two satellites within view of a station.

This problem is particularly severe in high latitudes where

overlapping coverage is routine.

The VHP beacon data, also with two possible frequencies, are

available for users who do not intend to install the more complex

equipment necessary to receive data on the S-band frequencies. The

lower data rates (8 kilobits/second versus 665.4 kilobits/:,ccrjnd  for

HRPT) permit the user to install less complex and less costly

equipment to receive the data without degrading its quality.
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4.4 Data Collection System (DCS)

CNES

The Data Collection System (DCS)  onboard TIROS-N is provided by

of France. This system, also referred to as the ARGOS Data

Collection and Platform Location System CARGOS DCLS), provides a means

to locate and/or collect data from fixed and free floating buoy and

balloon platforms_. It provides two new services not currently present

in the geostationary satellite (GOES) data collection systems. First,

it is able to determine platform location using an inverse doppler

technique; second, it is able to acquire data from any place in the

world, but particularly in the polar regions beyond transmission range

of the geostationary satellites.

The ARGOS System will receive data from the platforms at TJhF

401.65 megahertz (MHz) . The platforms will transmit independentj~y

of any interrogation from the spacecraft that uses a random access

receiving system. Each platform will make continual transmissions,

varying in length from 360 to 920 milliseconds (ms) and a repetition

interval from 40 to 200 seconds. As the spacecraft passes within

range of a platform during its orbit-, it will receive and record the

successive transmissions. .Cnce the spacecraft comes within range of a

CDA, it will play back on command the recorded data to the groui?d

facility. On the ground, the data will be forwarded to Suitl?r.J,
.

where the ARGOS data will be'separated from the other spaceczaiL

telemetry data and relayed to the CNES processing center in 'lilu U&C

France. There, the platform locations will be computed and ?he data

processed and prepared for relay to the user. The location

information is determined by measuring the platform carrier ~rr~;:~~~cq

received by the DCS instrument in the spacecraft at each

transmission. When several transmissions are obtained from ,r.

particular platform, differential doppler techniques are used :s

determine the platform location within an accuracy of 3 to 5 k3.

'With two spacecraft operating in the TIROS-N operational system,

a platform will be in contact with the spacecraft during at least four

intervals each day, about six hours apart. During any interv.ii,  tht

platform will be "seen" by the spacecraft on at least two successive
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orbits, which would provide a minimum of eight reports a day. In the

polar areas, as the orbital paths converge, many more contacts will be

made. Up to twenty or more reports may be acquired, approximating the

frequency of coverage available through the geostationary satellites.

The ARGOS system will also provide for the immediate rebroadcast

of data received from platforms. These data reports will be included

in the same data stream that contains the direct broadcast of sounder

data. The spacecraft VHF beacon transmits the DCS data at the low

rate and the S-band beacon (HRPT)  transmits the DCS data at the higher

speed. Only data from platforms so located that both the platforms

and the receive site are simultaneously in view of the satellite will

be available from this direct broadcast. The DCS data in the direct

broadcast will only permit platform location.computations  when a

computer with the proper software is availab1.e for processing the data.

For more details on the ARGOS system contact Service ARGOS at the

following address:

Service ARGOS
Centre Spatial de Toulouse
18, Avenue Edouard &fin
31055 Toulouse CEDEX
France
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5. TRACKING

D A T A
-

5.1 'Introduction

All operators

PROCEDURES FOR DIRECTIONAL. ANTENNAS

FROM REAL-TIME TRANSMISSIONS SYSTEH

of satellite stations designed to receive any type

USED TO ACQUIRE

SENSORS

of direct readout transmissions from polar orbiting satellites need to

know the satellite's position in time and space in order to know when

to operate their equipment and to permit them to locate geographica'jly

the features seen in the images. Operators of stations using

directional antennas also need this information to determine antenna -

pointing angles. Satellite tracking procedures are not required Toz

receiving stations equipped with omnidirectional antennas.

The primary source of information concerning a satellite's

position in time and space is the APT Predict bulletin. The

information in the bulletin can be used with an APT plotting board 304

a tracking diagram to determine the antenna azimuth and elevation

angles necessary to follow a polar orbiting satellite passing withArm

receiving range of a given station. The content and primary sourc:.?

of the APT Predict bulletin and the use of the plotting board and

tracking diagram are described in Sections 5.2 through 5.6. Altern;:.t@?

sources and forms of satellite prediction information are identified

in Section 5.7.

The code form of the APT Predict (TBUS) bulletin, an example of

an actual TIROS-N TBUS bulletin, and a decoding exercise are given in

Appendix A. Exercises in the application of the TBUS bulletin

(Plotting Board preparation, tracking, and gridding) are given in

Appendices B through D.

5.2 APT Predict (TBUS) Bulletin

The APT Predict (TBUS) bulletin contains information on satellite

equator c,:ossing times and longitudes, orbit numbers, orbital period,

longitudinal time, and longitude increments between successive orbits<

also, satellite positions at two-minute intervals (for a reference
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orbit), transmission frequencies, and other information related to

satellite tracking and performance. The information identifies those

orbits that will occur three days after the date of the bulletin (for

example, information disseminated on the tenth of the month pertains

to orbits that will occur on the thirteenth of the month).

The bulletins are prepared by NESS and transmitted tbrough the

National Weather Service Communications Center (KWBC) to major 0 .

communications centers and relay points around the world. These

transmissions occur daily, at about 1908 GMT, by landline :lnd.

radio-teletype links to the World Weather Watch's Global

Telecommunications Service (GTS). The GTS primarily serves the-

international meteorological community; therefore, most

nonmeteorological services, academic and commercial institutions, and

other organizations and individuals cannot receive the couapltite TBUS

bulletins unless they have the proper receiving and printing devices

and are able to intercept radio teletype broadcasts. Still, it is

important for those who are not connected with this service to

understand the derivation and content of the TBUS bulletin, hecause
. .

- nearly all other orbital predict data are extracts from this meadage

form:

. There are two forms of the TBUS bulletin. One form, identified

as TBUS-1, is used to convey information about satellites that :rre

descending in daylight (traveling north-to-south on the sunlit portion

of the orbit). The second form, TBUS-2, provides data for satellites

ascending in daylight (northbound on the sunlit portion of the

orbit). A schematic representation of the TBUS-1 and TBUS-2 bulletins

is given in Figure 5-1.

Both bulletins consist of four parts. Part 1 is quite short. It

identifies a reference orbit on a given day (three days after  “rile  h%t

of the bulletin) and gives the equator crossing time and longitude for

this reference orbit. This is, followed by an orbital nodal oer~o< and

a longitudinal increment-- the separation between successive equator

crossings, measure3 in degrees. The orbit numbers of the fourth and

eighth orbits following the referenced orbit are then listed along

with the equator crossing times and longitude of these orbits..

.
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By itself, Part I contains sufficient information to permit the

user-to calculate future equator crossing times and longitudes several

days in advance with considerable accuracy. During -periods of maximum

solar activity, however, the accuracy.of  crossing times and longitudes -

extrapolated from Part I information diminishes if the extrapolations

are carried much more than a week ahead.

Parts II and III of the bulletins are quite lengthy. Part II

(Day) contains predicted subpoint and height data at two-minute

intervals for the portion of the orbit that is sunlit north of the

equator. Part II (Night) contains predicted subpoint and height data

at two-minute intervals for the portion of the orbit in darkness north

of the equator. Part III (Day) contains predicted subpoint and height

data at two-minute intervals for the portion of the orbit that is

sunlit south of the equator. Part III (Night) contains predicted

subpoint and height data at two-minute intervals for the portion of

the orbit in darkness south of the equator. All times are referenced

to the ascending node (northbound equator crossing) and are given as

minutes after or before this time as shown in Figure 5-1.

Part IV is relatively short, and usually consists of three

items: a code group, transmission frequencies of each operating

direct readout sensor system, and remarks. The code group contains

the orbital parameters used to generate.Parts  I, II, and III. It 1%

intended for use by those station operators needing more precision in

satellite tracking and having appropriate computer programs to ingest

such data to produce both equator crossings and antenna pointing

angles.

. Remarks in Part IV are in .plain language and advise the ground

station operator of problems or changes in the mode of operating the

satellite. In particular, erratic behavior or failure of a sensor9

transmitter, or spacecraft will be indicated under "Remarks." An

example of an actual TIROS-N TBUS bulletin, the code form, and an

exercise in decoding are given in Appendix A.

For NOAA-l through NOAA-5, NASA provided NESS with the orbital

parameters on a weekly basis. For TIROS-N series spacecraft (such as

TIROS-N and NOAA-61,  the information is obtained on a daily basis from

-

-

J
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United States Air Force NORAD stations; the NORAD stations determine

the orbits and provide NESS with high-precision orbital elements on a

4 daily basis, and low-precision orbital elements as needed

(high-precision orbital elements are expected to provide an'in-orbit

positioning accuracy of +3 km). The elements are used to provide a

satellite ephemeris file, which is then accessed to produce the TBUS

bulletin.

Transmission frequencies for each operating direct readout

service (APT, HRPT, and DSB) also are included in Part IV. The APT

will always operate on a frequency of either 137.50 or 137.62 MHz; chr

HRPT will transmit on 1698, 1702.5, or 1707 MHz (1702.5 MHz would be

used for HRPT in the event of failure of primary transmitters); the

DSB will operate on the (beacon) frequencies, either 137.77 MHz or

136.77 MHz. The selection of a particular frequency for any of these

- transmissions depends on whether other satellites in this same series

are operating and the frequencies they are using. Another factor, of

course, will be transmitter performance.

Channel selection for APT transmissions is shown in Part IV of

the TBUS bulletin. The two-channel output of the APT is derived from

the five-channel AVHRR on TIROS-N series spacecraft. Two of the fiwe

channels have responses in the visible region of the electromagnetic

spectrum; the other three channels are in the IR region. Data from

one visible and one IR channel will be transmitted continuously, both

day and night. A second IR channel can be programmed to replace the

visible channel data at night, however.

5.3 Plotting Board

The APT Plotting Board is a polar projection diagram of the ear ,

centered at either pole and extended 30 degrees of latitude past th

equator into the other hemisphere. (Examples of plotting boards for

the Northern and Southern Hemispheres are shown in Figures 5-2 and

5-3, respectively.) The -Board has radials from the pole representing

one-degree intervals of longitude; each fifth radial is accentuated.

Concentric circles on the projection represent latitudes. The

equatorial latitude (zero degrees) is represented by a

S - S
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Figlrie 5-2 Plotting Board--Northern Hemisphere
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Figure 5-3 Plotting Board--Southern Hemisphere
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